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INTRODUCTION

But the land, whither ye go to possess it, is a land of

hills and valleys, that drinketh water of the rain of

heaven.

—Deuteronomy 11:11
The early American immigrants to the Willamette Valley
may have seen it as another Promised Land, but before the
Oregon Territory achieved statehood in 1859, its citizens
knew their land possessed water contrasts almost without
equal. In some places the average annual precipitation is
140 inches, but over other large areas it is less than 8 inches.
Nearly all of this precipitation comes during the rainy winter
season; the summer season is almost everywhere dry. The
soils of Oregon are varied, and the altitude ranges from the
level of the sea to snow-clad peaks above 10,000 feet.
The pioneers recognized that the region and its water

conditions, in a general sense, are divided by the north-south
Cascade Range. (See figs. 2, 3.) Western Oregon has ade-
quate or even excessive gross supplies of water, but much of
eastern Oregon has a gross overall shortage. Alorg the
State’s eastern and northern borders, large rivers flow from
distant mountains; Oregon and its neighboring States are
planning to make full use of these border streams.
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FI1cUre 3.—Relief map of Oregon. Much of the State is mountainous.
Near the west boundary of the State, the Coast Range extends from
the southern boundary northward to the Columbia River. About
100 miles inland from the Coast Range is the parallel and higher
Cascade Range. In eastern Oregon, the rugged Blue Mountains and
Wallowa Mountains dominate the skyline. Steens Mountain in the
southeast is the greatest of the fault-block mountains.

The pioneer settlers could hardly have visrualized the
rapidity with which the water would be put to use. The
easily available water would all be used within 150 years of
the date of the first settlements, and the descendants of the
ploneers are now preparing plans for the full use of all the
resources of fresh water.

Thus, within 100 years after achieving statehood, Oregon
has developed a variety of water problems. Certain local
areas have abundant water and other areas have an excess
in some seasons, but most of the State is deficient, either in
the amount or in the distribution of water. The high stand-
ard of living in the whole State and the normal growth of
its industries and population will soon require much greater
use of present water resources, more control of water waste
and damage, and perhaps the development of water sources
now not fully recognized.
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WATER FOR THE PIONEEFS

For millenniums before the coming of the white man,
Indian life was virtually dependent on the runs of salmon
in the streams, on the wildlife that followed waterways, and
on the plants that grew in the marshes and along the
streams; the waterways were also the Indians’ principal
routes of travel and transportation. The explorers and fur
traders traveled these same natural avenues, and the earlier
white settlers built their homes near them.

The early settlers, like the fur traders, depended upon the
waterways for transportation of their heavier loads. As
roads were constructed, wheeled vehicles took over some of
this traffic, but waterways were still the principal routes
for heavy transport during the first half of the 19th
century. At that time the usual requirements for domestic
water were small; it was enough to have a clean stream, a
nearby spring, or a dug well with bucket and wind ass.

Placer mining of gold started in the Rogue River valley
in the 1850’s and in the Powder and Malheur River valleys
of eastern Oregon in the 1860’s. Sawmills were lorated on
the streams, down which logs could be floated from the
abundant upstream stands of timber. Commercial fisheries
flourished on the strong runs of salmon. Flour mills, saw-
mills, and woolen mills were operated by waterpower, and
industrial use of water was started. By 1850 there were
about 13,000 permanent settlers, most of them living in the
lower Willamette Valley, and the stage was set for a rapid
exploitation of the rich land, timber, and water resources.

There was an influx of settlers in the 1850’s and 1860’s.
Warfare with the larger Indian tribes was over by 1860,
and gold mining started in the Rocky Mountain areas in the
1860’s. These two factors helped to bring about the settle-
ment of the valleys of eastern Oregon, and the settlement in
turn brought about diversions of streams to irrigate parts
of many of the valley plains. Irrigation increased until most
of the summer flow of many creeks and rivers had been ap-
plied to the land. Squabbles between claimants of water
had developed in some valleys by 1880.



Water traffic on the Columbia and Willamette Rivers
was the dominant means of heavy transport in the period
1850-87. Astoria, The Dalles, Umatilla, C-egon City,
Champoeg, Salem, Albany, and Dayton were port cities.
Inland ecommercial shipping also operated on other lakes
and rivers, among them the Yamhill, Tualatin, Snake, and
Umpqua Rivers. Portland was the main transfer point
where the lumber, grain, and livestock were shipped out and
manufactured goods came in. Milwaukie wes considered
the head of practical navigation on the lower Willamette, and
Oregon City the lower terminus of the upper Willamette.
To bypass the 40-foot Willamette Falls at Oregon City, ship-
ping locks were constructed, but they came into use only a
short time before the construction of the railrozds. The rail
lines took over much of the pioneer traffic from the rivers.
Thereafter, river navigation decreased and wa= confined to
the tidal reaches of the Columbia and Willamette Rivers,
until the development of locks and dams in recent years.

The latter part of the 19th century saw the pioneer phase
of settlement giving way to the stabilized situations of grow-
ing communities. The pattern of water use was already in
operation. In the eastern part of the State, conflicts had
developed for the right to divert the summer flow of streams
for irrigation. In many valleys, more land had been pre-
pared for irrigation than the streams could possibly water
in most years. The courts were swamped by legal contests
for water rights, and there arose a demand for legal as well
as engineering and technical direction of water supplies.
The measurement of the flow of water in streams was started,
in some places on order from a court.

Periodic measurement of the Owyhee and Malheur Rivers
was begun in 1890, of the Umatilla River in 1801, and of the
Deschutes and Hood Rivers in 1897. Similar measurements
were started on several other streams of easten Oregon in
the years 1903-5, and on some in western Oregon in 1905-6.

In response to the demand for technical dir=ction in the
allotment of rights to water, the office of the State Engineer
was created in 1905. Continuously since that cate, the U.S.
Geological Survey has cooperated with the State Engineer
in the collection of data on the water resources of the State.
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A State water code was enacted in 1909, to provide an
orderly and legal basis for the appropriation of rights to
the public water of Oregon. The water of all nonnavigable
streams was declared to be public water, and rules weve laid
down for the granting of rights according to the doctrine of
priority of appropriation and beneficial use. The criginal
water code of 1909 has been amended from time to time.
In 1955, ground water was declared a part of the public water
of the State and was brought under the regulatory super-
vision of the State Engineer.

The original diversions for irrigation were made by settlers
at points where the water could be applied most readily to
land. Large projects were constructed and operated by
groups of settlers; successful irrigation districts were formed
and a permanent water supply obtained for them. Some
ill-advised projects failed, with great hardships to the settlers
and the investors, because there was not enough information
on the sustained yield of the proposed water source.

After the passage of the National Reclamation Act ¢ 1902,
the U.S. Reclamation Service (administered at that time by
the Geological Survey, but in 1907 made a separate bureau
of the Department of the Interior) constructed many of the
larger irrigation projects, including the Klamath, O~yhee,
and Deschutes projects.

Experiments at Corvallisin the years 1907-8 demonstrated
that irrigation would more than double the per-acre yield of
field crops in the Willamette Valley, where the rainfall is
deficient during the growing season. Adoption of irr’=ation
as a standard farming method in that valley was slow but
continuous. In recent years the custom of late-summer
irrigation of pastures has been extended to the coastal areas,
where the annual rainfall in places exceeds 90 inches.

The streams that descend from the mountains contain
many cascades and steeply plunging reaches where water
wheels were installed to drive the pioneers’ flour and saw
mills. Waterpower was thus an important factor in the
early industry of the region. The first “long-distance’ trans-
mission of electrical energy in the United States was over the
line constructed in 1889 to carry electricity 13 miles to Port-
land from the new hydroelectric plant at Willamette Falls.
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During the first 60 years of settlement, most of the do-
mestic and public water supplies were obtained from dug
wells, springs, or streams. Much of that water was carried
by hand to kitchens, and the total use was smell. Progres-
sive settlement called for sources that were safer from con-
tamination and of greater capacity. New supplies were
obtained by piping water from streams or by using springs or
steel-cased wells. Purifying treatment was started. Some
cities abandoned their pioneer nearby sources and secured
rights to the water of mountain streams with protected wa-
tersheds. Portland’s Bull Run River supply was first used
in 1895. Salem’s original Willamette River supply replaced
pioneer wells, and the Santiam River supply was developed
in 1938. Pendleton’s Umatilla River infiltration system was
first used in 1914, Eugene’s McKenzie River supply in 1925,
and Medford’s Big Butte Springs source in 1925.

The framework of water utilization in Oregon was largely
established by 1910, but waste disposal became a serious
problem that later required restraining measures. Water
supply became the all-important vital force to economic,
industrial, and agricultural development in western Oregon
and to its limitation in eastern Oregon.

NATURE’S SUPPLY OF WATER

A few rivers bring to Oregon’s borders a supply of water
that originated in other States; however, most of the supply
available for use within the State is brought in as part of
the atmospheric circulation and falls as rain or snow.

This atmospheric circulation arises largely from one path
of storms. A hemispheric pattern of circulation is set up
by interaction of the warm air that rises in the tropics and
flows northward with the cold air that sinks in the polar
regions and flows southward. At the latitudes where the
warm and colder airmasses meet, a series of storm centers is
formed. These storms migrate eastward across the Pacific
Ocean with the prevailing winds. In the colde months the
eastward-moving storms, laden with moisture picked up in
their ocean passage, strike the Pacific coast ir the general
latitude of Oregon. In the warmer months the tropical air
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flows farther north, and the latitude of storm formation, be-
tween the cold and warm airmasses, shifts northward. The
belt of potential storms is thus deflected, and Oregon is
therefore largely free of the strong eastward-moving storms
during the warmer months.

The atmospheric circulation provides the basic west-to-
east movement of the moisture, but the topography of the
land to a large extent determines where precipitatior falls.
The air over the ocean is generally warmer in the winter
months than the Oregon landmass; hence, the air becomes
chilled as it begins to pass over the land. The lifting of the
air and its natural expansion as it passes up the west slopes
of the mountains is even more effective as a cooling agent.
As a result, the water can no longer be carried as an invisible
vapor; tiny droplets condense to form clouds or fog and,
as they cool, these droplets join together and rain or snow
begins to fall. The greatest precipitation predictably occurs
on the west slopes of the Coast Range and the Cascade
Range, where the cooling is most rapid as the airrasses
rise. (See fig. 4.) The Coast Range is first in line and
accomplishes the greatest extraction of the incoming mois-
ture as it forces the clouds up over its general 3,007-foot
crest. The west slope of the Coast Range is part of one of
the areas of greatest precipitation in the United States. The
Cascade Range, next in line, extracts a great deal of the re-
maining moisture from the clouds by deflecting them upward
to an altitude of 4,000 to 7,000 feet.

East of the Cascade Range are local mountainous sec-
tions—the Blue and the Wallowa Mountains of northe~stern
Oregon, the Fremont Mountains, Steens Mountain, and the
mountains of central Oregon—that also obtain precipitation
from the eastward-moving storms. The storms that com-
monly bring the heaviest precipitation to southern and
southeastern Oregon are those that strike the coast in north-
ern California and move northeastward across the Sirkiyou
Mountains and the southern part of the Cascade Pange.
Much of the moisture is removed in crossing these barriers,
and as a result the broad plateaus of southern and south-
eastern Oregon have rather meager precipitation.
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FicUure 4.—Generalized east-west cross section of Oregon showing the
general pattern of air circulation of the water of the State. The
winds bring water vapor from the Pacific Ocean and move generally
eastward across the land. The heaviest precipitation occurs on the
west slopes of the Coast Range and the Cascade Ranve. East of the
Cascade Range, the drier air has greater ability to rick up moisture
evaporated from the open water surfaces; however, the amount of
moisture available for evaporation is not great because large areas are
arid.

The eastward-moving storms move down the east or lee
side of the north-south ranges, and in descending they be-
come warmer by compression, owing to the weight of the
mass of air above them. Warming of the air and the water
vapor stops the condensation of water rather abruptly.
Hence, these lee areas receive much less precipitation than
the west slopes and crest areas of the mountain ranges, and
for that reason are said to be in “rain shacdows.” Some
writers have suggested that a better phrase would be “dry
shadows.” The average annual rainfall for the Willamette
Valley is about 40 inches; in the Coast Range it is 80 to 140
inches, and in the lower parts of the Deschutes-Klamath
plain about 10 inches.

The average annual precipitation for the entire State has
been estimated as about 27 inches. This would be enough
to cover 139 million acres 1 foot deep. The total volume
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is somewhat uncertain because of the scarcity of rair gages
in the more remote mountain localities. In some loc-lities,
records of streamflow indicate that precipitation may be
greater than can be determined from the available records
of rain and snowfall.

NATURE’S DISPOSAL OF WATLER

The water which falls on Oregon’s land surface is disposed
of by one or a combination of the natural processes of surface
runoff, infiltration, evaporation, and transpiration. The
amount of water taking each disposal course is determined
by the topography, temperature, vegetation, and pre-ipita-
tion of each drainage basin.

In order to accept much infiltration, the soil must be under-
lain by permeable rock materials. Where the soil and bed-
rock are not permeable, more of the precipitation must
stay on the surface; where the slope is steep, more of the
water will run off regardless of the other factors. Lov tem-
peratures increase the temporary storage of precipitation as
snow and ice and decrease the evaporation and transpiration
losses.

Vegetation affects the water yield of an area in three ways:
It decreases the runoff by transpiring water; it increases the
runoff by decreasing the evaporation from the surface; and
it benefits the timing of the runoff and the clarity of the
water by increasing the storage as snow, by retarding ero-
sion, and by delaying the sedimentation of surface storage
basins.

The character of the precipitation—its intensity and dura-
tion, the state of its arrival (as rain or snow), its amount
and distribution through the year—influences the wate- yield
of any drainage basin.

Some of the precipitation that falls on Oregon is evapo-
rated from streams, ponds, lakes, and storage resevvoirs.
The amount evaporated from the surface-water boc'ies in
an average year has been computed as 2 million acr>-feet,
or only a little more than 1 percent of the total precipitation.
Of this amount, about 750,000 acre-feet is evaporatec from
the brackish lakes and marshes of basins that have no outlet
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to the sea. The rivers carry to the ocean some 88 million
acre-feet per year. (See fig. 5.) The remainder of the total
annual supply falling as precipitation, about 49 million acre-
feet, evaporates from the land surface or is transpired by
trees and natural or cultivated plants, or is used consump-
tively by man.
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F1cURE 5.—Rivers of Oregon. The Columbia and Sneke Rivers bring
water to Oregon from other States and from Canaca. Other rivers
originate within Oregon. This map illustrates the distribution of
water in Oregon’s streams. Rivers on the west slopes of the Coast and
Cascade Ranges carry much more water in propor‘ion to the area
drained than the streams draining the rain-shadow areas east of the
mountains.
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WHAT IS WATER?

To a great many people, the term “water” means just plain
water. The chemist tells us that water is a colorless and
odorless liquid consisting of two atoms of hydrogen ard one
of oxygen for each molecule of water. The geologist re-
minds us that water is also a mineral having a definite crys-
tal structure and melting point. It can change the physical
form of other minerals by dissolving them or by coml'ining
with them to form new minerals. Everyone knows that dis-
tilled water tastes as if something is lacking, and even rain-
water does not taste normal to us. We all know that the
oceans are salty and that stagnant waters are unsavor;, but
few of us stop to think what is in the clear water we draw at
the tap or drink at the fountain.

Because water is such a good solvent, it picks up both gases
and solids as it falls from the sky or flows over or under the
earth’s surface. Even rainwater contains dissolved gases,
mineral solids, and organic material and, in some areas dust
and smoke particles. Rain falling near the seacoast dis-
solves commeon salt swept in as a spray from the ocean.

As soon as water arrives on the surface of the earth, things
begin to happen to it. It ordinarily dissolves and’unites
with some carbon dioxide from the air, the soil, and the ani-
mal or vegetal materials in or on the soil. From the time it
receives its first carbon dioxide and forms carbonic acid, it
is no longer a benign and inert liquid. It is then an active,
though weak, chemical reagent ready to dissolve any soluble
rock material. It immediately begins its attack on the
rocks and soils.

Through this process all natural waters contain diszolved
mineral matter; the nature of the rock and soil materials in
the drainage basin determines the character of the water.
The amount and composition of the dissolved solids in the
water depend upon the water’s environment, because oppor-
tunities for water to dissolve minerals will not necessarily
be the same in all drainage basins.

Time is also a factor determining the character of water.
The quantity of mineral matter dissolved by natural water
depends not only on the types of rocks and soils that it
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touches but also on the length of contact. Ground water
commonly contains more dissolved matter than surface run-
off because it remains in contact with rocks and soils for
longer periods of time. Streams that are fed by both sur-
face runoff and ground water from springs and seeps reflect
during dry periods the chemical character of the ground
water, which has a greater concentration of dis-olved solids;
during periods of heavy surface runoff, the river water be-
comes more dilute, because of the addition of rain or snow
water. The amount of dissolved solids in a river’s water
may be increased by waste water from mines, irrigated fields,
cities, and industries.

Besides the dissolved materials, water movirg on the land
surface may pick up and carry along some fine materials in
suspension. The finer grained solids are carried along by
the turbulent motion of the water. This suspended material
is commonly referred to as sediment. It range~ from micro-
scopic-particle to sand-size grains. The suspended load, as
it is called, may be extremely variable throughout the year
or among streams. It is influenced by river stages, soils,
terrain, bank conditions, and land use. Some soils erode
easily, others do not. In some basins, as much as 90 percent
of the total sediment load for the year may be carried by
the stream in a few days.

All streams carry some natural sediment. The greatest
manmade loads of sediment and solid debris in streams and
drainageways result from poor soil-management practices.
These unnatural loads result primarily from improper types
of farming on slopes, overgrazing, placer mining, and poorly
planned timber operations.

Within the framework briefly described above, Nature al-
lots and disposes of Oregon’s water refreshment. Let us
examine what that allotment is in each of the State’s main
physical subdivisions.
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RIVER
BASINS
OF
OREGONM

COLUMBIA RIVER

* * * the continuous woods
‘Where rolls the Oregon, and hears no sound
Save his own dashings * * *

—William Cullen Bryant

When the young poet composed the sonorous lines of
‘“Thanatopsis’” in 1817, the little-known river to which he
referred already had borne another name for a quarter of a
century. On the early morning of May 11, 1792, Captain
Robert Gray had sailed the American vessel Columbia
through the breakers and dropped anchor 10 miles upstream
in the legendary “Great River of the West.” A few days
later he gave his ship’s name to the river.

The Columbia River brings to Oregon an immense supply
of excellent water. For 309 miles it serves as Or~gon’s
northern boundary; in that distance it descends the 340 feet
from McNary Reservoir to sea level. Tidewater ertends
from the mouth 145 miles upstream to Bonneville Dam.

The river is 1,214 miles long. It drains an area of 279,000
square miles, including areas in Oregon that have mean an-
nual precipitation ranging from 8 inches near Umatilla to
more than 100 inches on the western slopes of the Coast and
Cascade Ranges.

In an average year the river carries to the sea enough
water to cover an area of a million acres 197 feet deep. But
of course the “normal” year seldom occurs; some yeers are
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wet, others dry, and in any year there is a wide seasonal var-
iation in flow. The Dalles is the farthest downstream place
at which the river is regularly gaged. Above that point the
drainage area is 237,000 square miles, and measurements of
the flow have ranged from a low of 35,000 cfs (cubic feet per
second) on January 12, 1937 (during a freezing period), to the
memorable flood of 1,240,000 cfs on June 6, 1894,

Upstream reservoirs already constructed are capable of
storing sufficient water to reduce floodflows materially, and
the daily discharge at The Dalles during the low-flow season
now seldom drops below 80,000 cfs. According to the U.S.
Army Corps of Engineers, construction of additional planned
reservoirs will make possible reduction of the peak discharge
of a flood like that of 1894 to 600,000 cfs and to increase the
average low flow to 149,500 cfs (Report of C-ief of Engi-
neers, Mar. 31, 1961, p. 5, 15, in House Doc. 403, U.S. 87th
Cong., 2d sess.). As the dependable flow of the river is in-
creased, more and more water is being put to work to develop
electric power for industry, to float waterborne commerce,
and to serve a host of other uses (fig. 6).

The rate of flow in the main stem of the Columbia River
follows an annual pattern that is fairly predicteble. Because
most of the water in flood periods is derived from melting
snow, the flow is greatest in late spring and early summer,
least in the period October to February. Thus, the greatest
flows come at a time of comparatively dry weather, and the
low flows occur in the wetter part of the annual rainfall cycle.
The flows complement those of rivers in the western part of
the State that are normally highest in the period November
through March. The difference in the timing of the flood-
flows in the two river systems helps to make possible the
fuller development of the water resources of both.

During the first half of the 19th century, a few of the
settlers ran their flatboats and rafts laden with household
goods and farm equipment downstream through the Cascade
Gorge as a perilous but faster alternative to the Oregon
Trail. But the same cascades that delayed the Lewis and
Clark party in 1805 were an even more formidable barrier
to the settlers’ clumsy rafts, and river trafiic above the
mouth of the Willamette remained small even though por-
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near 20 of the larger cities or principal commercial centers
whose community water sources and disposal points are
shown in the following list:

Water supply and disposal for the larger communities in Cregon

{Data as of December 1963, estimated in part]

Popu- Average
Principal lation Source of water daily | Waste disposal
city served supply use discharge to—
(mgd)
Albany______ 13, 000 | South Santiam River. 2.8 WiRll_s me‘fte
irer.
Ashland_ _ . __ 11, 000 | Ashland Creek______ 4, 0 | Bear Creek.!
Astoria. _____ 12, 000 | Bear Creek_________ 1.7 | Columbia
River.2
Baker_______ 10, 000 | Lake, well, and 3. 0 | Powder River.!
springs.
Bend_.______ 14, 000 | Tumalo Creek______ 3.3 | Lava sinks.3
Coos Bay- 21,500 | Pony Creek_________ 2.6 | Coos Bay.?
North
Bend
Corvallis____. 22, 700 | Rock Creek and 3.7 | Willamette
Willamette River. River.!
Eugene______ 72,500 | McKenzie River_____ 12. 7 Do.l
Grants Pass__| 10, 700 | Rogue River__._____ 2. 0 | Rogue River.!
Hillsboro_____ 18, 500 | Tualatin River 2. 0 | Tualatin
tributaries. River.!
Klamath 24,100 | 10 wells__._________ 2.5 | Lake Ewauna.l
Falls.
La Grande___| 10, 000 | 4 wells and Beaver 1.7 | Catherine
Creek. Craek.t
Medford._____ 35,400 | Springs_____________ 10. 1 | Bear Creek.!
Milwaukie__ _| 13,200 | 5 wells and Portland 1.1 | Willamette
standby. River.!
Pendleton..__{ 15, 500 | 3 wells, 3 springs_.__ 4.8 | Umatilla
River.!
Portland_____ 577,700 | Bull Run River.._._. 70. 0 | Columbia
River.!
Roseburg.._._{ 13,500 | North Umpqua 3.1 | Soutl Umpqua
River. River.t
Salem_______ 58, 500 | North Santiam 13. 1 | Willamette
River and 4 wells. River.!
Springfield_ __| 21,600 | S wells.___.________ 3.5 Dot
The Dalles___| 13, 000 | 3 wells, Mill Creek, 1.5 | Columbia
Dog River. River.!
Total__{988,400 |- ____________ 149.2 | ___________
Average per capita.______ gallons per day_______ 151
* Treated. ?Not treated. ® Part treated.

Of the water furnished by the 20 largest public-supply
systems, about 90 percent is drawn from rivers and creeks

and about 10 percent from wells and springs.

Medford,

Klamath Falls, Pendleton, and Milwaukie are the largest
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cities using ground-water sources entirely, although the
larger cities of Salem and Springfield use ground sources re-
charged by induced infiltration.

In addition to the 20 largest systems, there are smaller
cities, towns, and suburban water districts which have pub-
lic water systems supplying about 300,000 people. These
smaller localities obtain their water about equally from sur-
face and ground water. More than 95 percent of the rural
dwellings have private piped-water supplies, obtained mostly
from wells and springs.

Many of the cities still use the original source, a spring,
well, or creek, but other sources have been developed to keep
up with increased demands. In other places, original sources
of public water supply have been replaced by larzer or cleaner
supplies and are now of only historical significance. The
progressive succession of water sources is illustrated at Port-
land, where individual wells that originally s=rved the in-
habitants were succeeded by a system that drew water from
several creeks, which in turn was outgrown and succeeded by
a system that pumped water from the then “pure” Willa-
mette River. The first water mains were laid in 1857 and
consisted of bored logs. Portland replaced its Willamette
River sources in 1895 with the original conduit of the present
supply from Bull Run River, but the Willamette pumphouse
still stands on the west bank of the river midway between
Portland’s south boundary and Oswego, and the 12-inch
steel pipe which formerly carried this water north to Port-
land now carries Portland water south to Oswego and the
Palatine Hill District.

The utilization of surface-water sources for public supplies
is well illustrated in western Oregon. In this part of the
State, clean and strongly flowing streams are present near
most cities, and large bodies of permeable rocks are not com-
monly available to furnish ground water in adequate quan-
tities. Some of the riverbank cities purify water pumped
from the adjacent river, whereas other cities divert water
from rivers and creeks far upstream in the headwater areas.
The diversions in the upriver areas require expensive con-
duits, but usually they provide a purer and less turbid water;
another advantage of upriver diversion works is that they
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Ficure 47.—Dissolved solids and hardness of selected public water

supplies in Oregon.

are commonly built high enough that the water flows by
gravity to the main distribution reservoirs. The least flows
in most streams come during the summer and fall months,
which are the period of greatest consumer demand; hence,
many systems using surface water need considerable storage.
This storage is commonly obtained by building dams on the
source stream or by building additional concrete or steel
reservoirs at the head of the water-distribution system.
The small range in mineral content and hardness cf nine
major public water supplies in Oregon is shown in figure 47.

PORTLAND

The Bull Run River, source of the Portland municipal
water, is the most extensively developed Oregon river, and
1t supplies by far the greatest number of users. The Bull
Run watershed, tributary to Sandy River, comprises an area
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of about 136 square miles on the west side of the Cascade
Range. The densely forested basin was set as’de as a pro-
tected watershed reserve in 1892, and is closed and policed.

The altitude of the drainage basin ranges from about 4,500
feet on the ridges at the head to about 240 feet at the channel
mouth. The diversion at the headworks of the conduits is
at an altitude of about 747 feet.

The drainage area of about 102 square miles provides an
average flow of about 760 cfs at the diversion headworks.
The average precipitation at the headworks has been meas-
ured as about 86 inches per year; however, the rainfall must
be considerably larger than that for the basin as a whole,
because the measured flow of the river at the headworks is
equivalent to an average annual runoff of 101 inches of water
over the drainage area. The flow of springs in summer is
substantially strengthened by late snowmelt, #nd snow ac-
cumulation is therefore important to water storage in the
basin.

To assure an adequate minimum streamflow at the head-
works during the summer, four dams have been built above
the headworks; the reservoirs store a total of 21.4 billion
gallons of water. Dams at eight other sites are planned to
serve future needs.

From the headwaters, three conduits carry the water to
the main reservoirs on Mount Tabor in the eastern part of
Portland; completed in 1911, 1925, and 1953, they are 52, 58,
and 66 inches in diameter. The rated capacities are respec-
tively 50, 75, and 100 mgd to the main reservoirs. An earlier
pipeline completed in 1894 was abandoned in 1953.

The four reservoirs on Mount Tabor have an aggregate
capacity of about 157 million gallons; the two in Washing-
ton Park, on the west side of the city, have a c~pacity of 34
million gallons. Those on Mount Tabor range in altitude
from 229 to 412 feet, and those in Washington Park are at
230 and 300 feet. In addition to these reservcirs, there are
34 concrete and steel tanks and standpipes which range in
altitude from 200 to 1,144 feet and are mostly located on
the hillside areas of Portland’s west side. The combined
maximum storage of these tanks is about 25 million gallons.
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The terraces and slopes on which the main part of Port-
land is located are divided into four main elevation zones for
distribution of water by gravity from the reservoirs. The
zones are called the “high gravity,” the “intermediate,” the
“low gravity,” and the “Vernon Standpipe.” The ridge-
lands of west Portland and other high points are se~ved by
pumping to the storage tanks and reservoirs located on high
points. The main lines to distribution-service mains in-
clude pressure-reduction valves to limit the maximum water
pressure for consumers to 80 pounds per square inch. The
normal minimum water pressure to customers is 40 pounds.
In addition to the 440,000 residents of Portland proper, about
138,000 people outside the city limits are supplied I'y more
than 50 local water districts and companies that purchase
water from the city system. All services are metered.

From the principal water mains the water is led to the
network of distribution mains. These are mostly pipes of
12-inch diameter in the business districts and of 6-inch di-
ameter in the residential area. On lines which must supply
fire hydrants, the smallest pipe used is 4 inches in diameter.
Within the city there are 122,000 customer connections,
1,370 miles of pipelines, 7,400 fire hydrants, and 12 pumping
stations.

The average consumption during the warm dry summer is
about 150 mgd. On an annual basis, the average daily use
from the system is 70 million gallons and the average per
capita consumption 121 gallons per day. The sources are
adequate to supply a much larger population than the pres-
ent (1964), and plenty of water has been available at the
reservoirs since the latest conduit was constructed in 1953.
However, as a result of overdraft during warm perioc's of the
summer, low pressures occur at times near the ends of under-
sized water mains serving rapidly growing communities.
Lawn sprinkling has been limited to alternate days during
part of the summer.

An example of household use of water may be taken from
the home of one of the writers. This household of four peo-
ple uses about 150,000 gallons of water per year, or #n over-
all daily rate of 410 gallons and an average of 103 gallons
per person. During the seven cooler months, October to
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April, only 45,000 gallons of water is used, a deily use of 52
gallons per person. Thus, on a year-round basis, the total
inside-the-house use of water is about 78,000 gallons, and
the average use per day per person is near 55 gallons. The
use outside the house during the five months May to Septem-
ber is 72,000 gallons, or an average of 475 gallons per day,
largely for partial irrigation of a half acre of lawn and garden.
This irrigation use exceeds that of the aversge homesite
within the city.

The citywide average per-capita consumption of 121 gal-
lons of water per day includes about 55 gallons used within
the dwelling, about 30 gallons outside the dwelling, and
about 36 gallons used elsewhere by industries commercial
establishments, transient lodgers in hotels, city-park irriga-
tion, public drinking fountains, street washing, public swim-
ming pools, fire-control operations, and pipeline leaks.

Within the city limits there are about 60 drilled wells that
draw water from the gravel strata beneath the terrace lands
or from the volcanic bedrock. The capacities of the wells
range, according to their size and construction characteristics,
from 5 to 1,200 gpm (gallons of water per minute). Water
from these wells is used principally by industries and public
buildings for heating, cooling, and air conditioning, and the
piping systems are separate from the municipel waterlines.
Some of the outlying water districts have wells as supple-
mentary supply to meet demands during the summer when
their long pipelines from the Portland system may be un-
able to deliver enough water for their greatest needs.

The quality of the Bull Run water is excellent. It is clear,
cool, and oxygen-laden, and it contains only a very small
amount of dissolved solids—it is virtually pure rainwater
and snowmelt. The solids content averages about 30 ppm.
The water has a hardness of about 10, which is low in soft-
water classification, and a neutral pH of 7.0 (neither acid
nor alkaline). The only treatment given is the addition
of about 0.2 ppm of chlorine injected at the headworks.
There is little or no residual chlorine when the v-ater reaches
the consumer, and, because of the low content and the odor-
less character of the ammoniated chlorine, few users are
aware that the water has been chlorinated.
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The copious supply of excellent water for Portland, and
many other cities of the State, is a point of justified pride
to Oregonmians. Portland’s water supply stands as a constant
testimonial to the wisdom and foresight of all concerned
with its selection, construction, and maintenance, and to the
bountiful good fortune of its residents.

SALEM

Salem obtains her supply of water from infiltration gal-
leries (pipes) near the upper end of Stayton Island in the
North Santiam River, 15 miles southeast of the cit;”. The
pipes underlie the sand and gravel floors of shallow basins
which can be flooded at will by the river water. T-e sand
and gravel serve to filter the river water before it reaches
the infiltration galleries. From the gallery collectors the
water is led to the lower end of Stayton Island, vhere it
passes through sand traps and fine screening basins before
entering the 36-inch and 54-inch conduit lines, whick have a
combined capacity of 70 mgd. The water is chlorinated near
the head of the conduits which convey it 8 miles to the 100-
million-gallon Franzen Reservoir near Turner and then 7
miles farther to the 10-million-gallon Fairmont Reservoir at
Rural and John Streets in Salem. Chlorine is added as the
water leaves Franzen Reservoir. The city also has 4 wells
for standby supply.

The Fairmont Reservoir floats on the distribution system
and thus maintains a pressure of about 70 pounds pe* square
inch in the mains serving the principal section of the city.
The water leaves the reservoir through a 30-inch pipe and is
distributed through a 186-mile network of smaller mains
that range from 30 inches down to 2 inches in diameter. All
connections are metered. Local areas of high ground, mostly
in the western and southern parts of the city, are served by
pumps which raise the water to the tanks and re<ervoirs
that maintain water pressure in the distribution pipes of
those areas.

About 18,000 people in five independent water districts
outside Salem are supplied with water, in addition to the
city population of about 40,000,
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Four deep wells in West Salem are used to supplement
the supply during periods of peak water use. Some raw
(untreated) water from Mill Creek is brought by a separate
pipe to the State Capitol grounds where it is used for irriga-
tion, but that waterline is not a part of the municipal system.

The peak water use has increased rather uniformly from
8 mgd after the Stayton Island system was first put into use
in 1938, to about 28 mgd in 1960. The average fow through
the system in 1960 ranged from 5 mgd during December to
20 mgd during August. The per-capita consumption aver-
aged 164 gpd for the year, and the maximum day’s use was
487 gallons per person.

The water is excellent in quality; an analysis made of
water sampled on December 14, 1960, shows the water had
80 ppm dissolved solids, a hardness of 25 ppm, a very low
salinity, and a pH of 7.4.

EUGENE

Eugene diverts water from the McKenzie River near Hay-
den Bridge about 6 miles northeast of the city. The water
passes through a coarse screen and a concrete canal to a
pumping basin from which it is pumped a third of a mile
through a 36-inch pipe to the 3714-mgd filter plant. The
treatment consists of prechlorinating, coagulating, settling,
and filtering to remove the sediment. A 45-irch pipeline
carries the water from the clear well at the plant to the city,
where 23 million gallons of storage space is provided in one
15-million-gallon, two 3-million-gallon, and five smaller
reservoirs. The reservoirs are between 605 and 850 feet in
altitude on Skinner Butte, College Hill, Fairmont, and Col-
lege Crest. More than 130 miles of main water pipes dis-
tribute the water to users.

The system serves 72,500 people (1963), including those
living in eight water districts outside the city.

The total quantity of metered water supplied has in-
creased progressively from an average of 2.74 mgd in 1934
to 12.7 mgd in 1963. Water consumption in the summer
months is about three times that in the winter months.
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All connections are metered except those solely for fire-
protection purposes; a flat monthly charge is paid for that
service.

The water is of excellent quality, is soft and of low salin-
ity, and is very similar to that of Salem. An averag: of the
analyses made on daily samples in 1957 showed that the
water had dissolved solids of 37 ppm, hardness of 19 ppm,
and a very slightly alkaline reaction expressed as a pH of 7.1.

MEDFORD

Medford has obtained its water since 1927 from Big
Butte Springs, 30 miles northeast of the city. The springs
issue from porous young lava rocks, and have a combined
discharge of about 45 cfs from several spring orifices. The
water is collected in concrete galleries, a tunnel, and under-
ground perforated pipes, and is transmitted by gravity
through two conduits varying from 20 to 30 inches in
diameter. At the city, three main reservoirs with 12.2 mil-
lion gallons total capacity and one concrete standpipe on
Pierce Hill (200,000 gallons capacity) serve as distribution
storage. By gravity descent from the 2,640-foot level of the
intake to the 1,590-foot level of the reservoirs, the conduit
will transmit 26 mgd. A water pressure of 70 to 95 pounds
per square inch is generally maintained in the distr’bution
lines from the reservoirs.

There are about 10,000 active service connections includ-
ing those of three towns and eight water districts out~ide the
city. The average daily consumption during the month of
maximum use is about 16 million gallons. Fifty-five per-
cent of the service connections are metered. In 1963 the
average daily use was 10.1 million gallons.

The quality of the water is excellent. It is clear, soft, of
low salinity, and without harmful constituents. An analysis
of March 11, 1958, shows the water had 85 ppm dissolved
solids, a hardness of 32 ppm, and a pH of 7.2. Analyses
indicate that the content of dissolved materials is uniform
throughout the year. The water is not treated. T-e tem-
perature of the water at the intake varies between 41° and
44°F.
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KLAMATH FALLS

Klamath Falls obtains its water from 10 wells ranging in
depth from 143 feet to 850 feet and located on the east bank
of Link River in the southwest part of the cit;”. The wells
flow by artesian pressure to three centrifugal pumps whose
combined capacity is 8,000 gpm. The wells v7ill flow 2,000
gpm, and a pump withdrawal of 5,000 gpm lowers the water
to a level only 10 inches below the surface. I1aximum de-
pendable yield of the four wells commonly in use is 12 mgd.
The water from the wells is pumped through three mains
into the low-distribution system. The combined capacity
of 4.3 million gallons of water in six steel reservoirs floats on
the system. One high-level reservoir on the ridge of the
eastern part of the city is served by a separate 270-foot pump
liftt from the low-distribution system, and stores 400,000
gallons for the high-distribution system.

In 1963 there were 8,862 connections, all metered, serving
a population of 24,100. The average daily consumption in
1963 was 2.5 mgd. Daily use exceeds 10 mgd at times.

A few industrial and commercial establishments have their
own wells. Many homes in a residential part of the eastern
side of the city are heated by natural hot water from indi-
vidual deep wells along a fault zone; these well waters are
at temperatures of 180° to 220°F,

Klamath Falls’ water is treated with about 0.1 ppm chlo-
rine. The water is of excellent quality, clear, soft, of low
salinity, and has a pH of 7.7. Like most ground water in
the voleanic rocks, it contains a relatively large amount of
dissolved silica (55 ppm). The temperature of the water
is 67°F throughout the year, and it contains 141 ppm dis-
solved solids.

CORVALLIS

The source of Corvallis’ gravity water supply is Rock
Creek, southwest of the city. Dams divert the north and
south forks and the tributary Griffith Creek. The Rock
Creek water is treated in a plant of 4.5 mgd capacity, and is
conveyed in a 20-inch line to three reservoirs of 6.75 million
gallons total capacity, on Bald Butte northwest of the city.
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The water from the reservoirs is fed into 14-inch and 20-inch
mains, which supply the distribution pipe net. Philomath,
population 1,400, is supplied water from the line leading to
the reservoirs.

The Corvallis distribution net serves the State university
as well as the city. All 5,750 connections are metered.
Average daily consumption is 3.7 million gallons, the range
being from about 2 mgd to about 8 mgd.

The water is soft and low in salinity, dissolved solids, tur-
bidity, and color. Fluorides are added to the water at the
rate of 1 ppm.

The greater needs of the summer season are met by sup-
plementing the Rock Creek supply with water diverted from
the Willamette River. In 1957 a pumping plant and treat-
ment works that were constructed in 1951 were equipped
with a new intake structure having a capacity of 16 mgd.

PENDLETON

Pendleton’s basic supply is obtained from four infiltra-
tion areas in the gravel along the Umatilla River at Thorn-
hollow, 15 miles east of the city. The gallery system is
divided into the lines necessary to pick up water from
Wenix Spring, Simons Spring, Shapplish Spring, snd the
Long Hair line. Flow from Wenix Spring is gathered by
five infiltration lines, three of them on South Wenix Spring
(the original source of the city’s Thornhollow system) and
two on North Wenix Spring. Simons Spring is g~thered
in by three infiltration pipelines totalling 2,000 feet. Shap-
plish Spring is picked up by four lines having a total in-
filtrating length of 4,000 feet. A linear layout of about
500 feet of porous pipe, called the Long Hair line, is the
most recently constructed unit. The total yield of the
Thornhollow source varies from time to time, but the
amount withdrawn is controlled by the 5-mgd water right
and the 514 -mgd capacity of the 24-inch conduit to the city’s
south reservoirs.

As standby supply, the city uses three deep wells of their
own plus those of the Smith Cannery and the Oregon State
Hospital. The wells draw water from the basaltic becrock of
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the area, range from 665 to 1,008 feet deep, and are within or
near the city. The capacities of the pumps are 2,500, 1,800,
and 585 gpm for the three city wells, 900 gpm for the Smith
Cannery well, and 800 gpm for the hospital well. The wells
can thus provide 6,585 gpm, or a daily total of about 9.5
million gallons of water, which can be pumpe directly into
the distribution system.

The main supply to the distribution system is from the
two 1-million-gallon reservoirs at about 1,260 feet altitude
on the south side of town. Four other reservoirs with a total
capacity of 2.2 million gallons are supplied by booster pumps
from the main distribution lines.

There are 4,100 connections, nearly all metered. The
system serves a population of 15500. The average daily
consumption in 1963 was 4.8 million gallons and the mini-
mum daily consumption about 2 million gallons. The maxi-
mum water consumption of about 10 mgd occurs in June or
July when the canneries are operating at peak capacity.
The unusually heavy demand during cannery season is a
major problem because it requires a supply that may be as
much as four times the normal rate. Similar problems exist
at nearby Athena and Milton-Freewater. At Pendleton
during canning season, a draft rate as great as 13 mgd has
been metered for short periods. )

The water from Thornhollow is soft and is low in dis-
solved solids. It is chlorinated in the conduit 514 miles east
of the city, and fluoride is added to this gravity supply to
provide 1 ppm. Each deep well has its own chlorinator.
The water from the wells is moderately hard and carries two
to three times the amount of dissolved solids of the Thorn-
hollow supply. However, the quality of the well water is
good and it carries about one-half ppm of fluoride, near the
lower limit at which fluoride in drinking water has been
found beneficial to children’s teeth.

COOS BAY AND NORTH BEND

The two cities of Coos Bay and North Bend jointly own
and operate their municipal waterworks system. The sup-
ply is obtained from the logged-off 2,400-acve catchment
basin of nearby Pony Creek. The water is impounded in
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two reservoirs, the higher having a capacity of 550 million
gallons and the lower one of 100 million gallons. The lower
reservoir lies behind an earthfill dam 1.5 miles northwest of
Coos Bay; from the reservoir the water is taken for treat-
ment with activated carbon, alum, and chlorine, and is
pumped three-quarters of a mile southeast to the 1.15-mil-
lion-gallon settling basin at the filter plant. The water is
put through pressure filters and further treated with lime,
chlorine, fluoride, and ammonia. From the 51/4-millicn-gal-
lon clear well at the filter plant the water flows by gravity
through 14-inch and 16-inch lines to the low-zone distribu-
tion system of the two cities. Pumps lift water from this
low-zone net to a million-gallon reservoir which serves the
smaller high-zone distribution net. Other high are-s are
supplied by separate pumps.

The system has a capacity of 6 mgd; it serves 4,750 me-
tered connections and a population of 21,500, including those
in seven nearby towns and water districts. The average
consumption is 2.58 mgd, minimum demand about 1.6 mgd
(1957).

Like most of the surface supplies of western Oregon, the
water is soft; it has a low dissolved-solids content, low sa-
linity, and a nearly neutral pH of 6.9. The creek water is
colored at times by vegetation, and filtration and treatment
are required to obtain a satisfactory municipal suprly.

SPRINGFIELD

Springfield’s water is supplied by a private compan;” from
a field of eight wells which tap water in the gravel alongside
the Middle Fork of the Willamette River, 1145 miles south-
east of the city. The wells are 30 to 44 feet deep, and the
withdrawal of water from them induces percolation of water
from the river, the intervening gravel acting as a filter. Dur-
ing the summer, some artificial recharging of the ground
water is practiced by pumping from the river into seepage
basins and into three recharging wells at the well field. Thus,
although the system draws water entirely from wells, the
ultimate source of water is the river. From the producing
wells the water is pumped into a 20-inch steel main which
feeds into the distribution net.
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The distribution system includes a 1.5-million-gallon res-
ervoir, and a 50,000-gallon tank for the high-zone distribu-
tion net in the northwest part of town that is supplied by
pump lift from the low zone.

There are over 4,000 connections, including one large saw-
mill; most of the connections are not metered. The average
day’s consumption is about 3.5 million gallons and maximum
day’s use is about 9 million gallons.

The water is soft and of low dissolved-mireral content.
It is chlorinated at the wells.

ASTORIA

Astoria draws its water supply from Bear Creek, 10 miles
southeast of the city. The city-owned watershed contains
three dams which impound 326 million gallons of water on
one branch and on the main stem of the creek. From the
lowest reservoir, at an altitude of 620 feet, the water is
carried 12 miles in a 22-inch steel conduit to a hill in the
southeast part of the city. At that point a 20-million- and a
6-million-gallon reservoir supply the distribution net.

The creek water is passed through screens snd the water
is treated with ammonia and chlorine. At times, copper sul-
fate is used to suppress algae growth. Fluorides are added
to the water as it leaves the main reservoir in the watershed.
The water is soft and contains very little dis~nlved solids.
Because of the forested watershed, it does heve some dis-
solved organic materials; at times it has slight turbidity.

There are 3,300 connections, all metered, serving a popu-
lation of 12,000 in 1963. The average consumption is 1.7
mgd, and the maximum about 3.5 mgd. Water is supplied
to outlying water districts and to some individuals near the

pipeline.

WATER FOR OTHER CITIES

The water supplies of other cities are derived from sources
similar to those described above. West of the Cascade
Range, the Roseburg supply is taken by a private water
company from the North Umpqua River above Winchester.
It is treated and piped 5 miles to the city. Albany obtains
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its supply from the Albany Power Canal, into which water
is diverted from the South Santiam River near Leb~non;
the water is extensively treated. Hillsboro obtains water
from the upper part of the Tualatin River and from Sain
Creek ; the water requires only chlorination. Tillamook has
small dams and diversions on Killam and Fawcett Creeks
7 miles south of the city. Grants Pass pumps water from
the Rogue River, and purifies it in a complete treatment
plant. Ashland stores and diverts water from Ashland Creek
above the city.

East of the Cascade Range, Bend gets water from Tumalo
Creek that requires only chlorination. The Dalles diverts
water from Dog River, in the Hood River drainage basin,
across the divide to their Mill Creek treatment plant and
diversion; this supply is at times supplemented by pumping
from a well into Mill Creek and from three deep wells in the
city. The city of Hood River pipes water from Cold Spring
and Stone Spring 17 miles southeast of the city. Milton-
Freewater diverts some water from the Walla. Walla River,
but also uses six deep wells which tap ground water in the
basaltic bedrock; the system provides for the high demands
that occur during the canning season even though several
of the canneries have deep wells of their own. Baker’s pri-
mary supply is obtained from several mountain strearms and
springs and from Goodrich Lake, 20 miles northwest of the
city; a deep well in the city is used for standby sipply.
Burns uses two deep wells as its basic supply. La Grande
impounds a mountain creek and pipes the water to the city,
but also has four deep wells in the city to supply water dur-
ing the height of water needs in summer and during cold
periods in winter. All these cities obtain soft water of ex-
cellent quality, low in dissolved solids.

Ontario, Nyssa, and Vale, the triple cities of the Malheur-
Snake River plain of east-central Oregon, obtain their water
supply from wells. The water is hard but otherwise cf good
quality. Parts of this area have the hardest water at shal-
low depths in Oregon. Ontario and Nyssa have located their
wells close to the Snake River in order to induce infiltration
of softer water. Most of the water is softened befove it is
chlorinated and distributed.
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SPECIAL FEATURES OF OREGON’S
MUNICIPAL WATEP

All the cities and nearly all the smaller towns are situated
where water can be obtained in quantities sufficient to sup-
port double or triple their present populations. A few
towns and smaller cities have neared the capacity of their
present sources or distribution systems, but other supplies
are available. These new sources may be more expensive,
but they still are cheap as compared with the cost of water
at many places in less favored regions. Some cities need
more water to meet the expected demands of industry. For
most of the systems, technical plans have been prepared for
different degrees of future expansion of their supply and
facilities.

Since about 1940, many of the Oregon municipal water
systems have been feeling the strains of a gsneral popula-
tion increase. Needs for additional water and for enlarge-
ment of the distribution system have been almost universal.
One of the most widespread needs has resulted from subur-
ban housing developments. These additions required
lengthening and enlarging the service mains, an expansion
which commonly had to be carried back through the whole
system. Along with these suburban water-supply problems,
some of the additions have presented difficult problems in
drainage and sewage disposal.

At present none of the cities using surface water need to
take their water supply downstream from the outfall of un-
treated or raw sewage from a city, an advantageous situa-
tion which has resulted from the clean-strear campaign of
the Oregon State Sanitary Authority.
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 WATER

~ IN
OREGOI ™S
FUTURE

In rivers, the water that you touch is the last of what
has passed and the first of that which comes; so with
time present.—Leonardo da Vinci

Wise development and use of Oregon’s water resources
require a prophetic look to the future. Large water projects
are expensive to alter or replace, and design is a major part
of the undertaking. Though the future may not be entirely
ours to see, a continuing record of what water we now have
is a fair guide to what we may expect in the future. Certain
lines of reasoning may visualize future water use in Qregon
well enough to guide development in the right direction.

WHAT WATER NEEDS ARE TO BE
EXPECTED?

The projection of the population trend and the adjusted
rate of water use provides a simple base from which future
water needs may be estimated. The increase in Oregon’s
population since 1900 has ranged from 147,000 to 460,000
per decade. The smallest increase occurred in the period
193040 and the greatest from 1940 to 1950. Since 1900,
the annual average increase in population has been about
22,500.

The average-per capita use of water from public supply
systems will probably increase only moderately from the
present rate, which is between 100 and 150 gallons per day.
The phenomenal increase in the average per-capita use of
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water in the past has coincided with the addition of modern
sanitary facilities and large industrial drafte from public
water-supply systems. As a result of the relative standard-
ization of these rates of use, the per-capita withdrawal of
water from public systems in Oregon for the next 40 years
may rise but little.

Almost certainly, there will be an increase in the number
of industrial plants using water, both from municipal sup-
plies and from their own sources. It also seerrs certain that
these plants will be more economical in weter use than
older plants. The trend of industrial development is toward
manufacture of finished goods. Foodstuffs, paner and wood
products, finished metallic and nonmetallic articles, gar-
ments and fabrics, and similar merchandise will be produced
more extensively, rather than bulk grain, lumber, metal bars,
raw ores, baled wool, and such basic raw materials which
have been Oregon’s chief exports in the past.

More water will be used for irrigation. Though many of
our basic agricultural products are now in a period of over-
supply, the past history of these periods of surplus, the grow-
ing national population, and other factors point toward
great future needs for agricultural products. Many of the
irrigation districts that now have not enough water during
dry years will augment their sources by storage and diver-
sions. More land will be brought under irrigation in both
the eastern and western parts of the State.

The uses which involve little water loss are undoubtedly
due for a great increase. The market for electrical energy,
like some other human wants, seems to know no limit. The
construction of the John Day Dam on the Cc'umbia River
just below the mouth of the John Day River completes the
harnessing of the Columbia throughout the usable part of its
340 feet of fall where it bounds Oregon. The 1,300 feet of
fall in the Snake River, where it bounds the State, is now
being developed for electric generation. There are numer-
ous unused hydroelectric-power sites on the somewhat
smaller rivers within the State. For Oregon and the Pacific
Northwest, waterpower possesses many advantages over the
use of fossil fuels (coal, oil, and natural gas) and sawdust
for electrical generation.
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Nuclear power is not economically competitive in this
region. This process may in time become competitive, but
the belief is widespread that the hydroelectric plants will
continue to be the most economical sources of energy for a
long time.

The recreational uses of water are burgeoning. This fact
is apparent to anyone who is locked in a traffic jam at one
of the beach towns or who looks out over almost an: river
on a weekend, attends a boat show, or tries to elbow his
way to the creek bank on the opening day of fishing season.
The beaches of Oregon below high-tide line are State prop-
erty and are reserved for public use. The State and local
agencies are interested in improving access and providing
facilities for the greater public use of recreational areas. The
recreational use of waterways involves little loss in water
resources, and this water use may well expand to the general
benefit of the community. It will be an integral part of any
multiple-use plan for the water resources.

POSSIBLE NEW SOURCES OF WATER
OF GOOD QUALITY

The aforementioned economies and the solutions to some
of our present water problems should result in an ircrease
in water supply. Other sources of water are avsailable.
Storm runoff may be stored either on the surface or under-
ground, and unfit, contaminated water may be made usable.

Fresh water can be made from sea water or brackish in-
land water. At present (1964) the cost of removing the
salt is too great to make such fresh water competitive with
naturally available water in Oregon. The Federal govern-
ment has recently constructed several pilot plants to make
full-scale tests of desalting both sea water and brackish
inland water by different methods. Continued testing may
lead to some means of producing water by desalting that
is less costly than natural fresh-water supplies availeble in
some arid and semiarid regions.

Attempts at artificial weather modification in Oregon by
the seeding of clouds have not conclusively demonstrated
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benefits from increased precipitation. In the present state
of knowledge, this process seems to offer little aid in the
search for additional sources of water for Oregon.

WHAT ARE THE RESOURCES TO
MEET FUTURE NEEDS?

Comparisons of available water supplies with estimates
of future water needs show a gradually varyirg picture rang-
ing from overall abundance, but some seasonal shortage,
along the coast to critical shortages in eastern Oregon. We
still have flowing to the sea large quantities of water beyond
the amount necessary to maintain channel and navigation
conditions and to provide for recreation and adequate water
supplies in the lower reaches of the rivers.

The rivers that drain the west slope of the Coast Range,
from the Chetco at the south to the Necanicum at the north,
contain unused water for 6 to 7 months of the year. Most
of this excess water flows to the ocean during the period
of high runoff. The Willamette, Umpqua, and Rogue
Rivers have excess winter flow; the summer f'ow is now used
at least once in parts of these basins, as in the basins of Bear
and Little Butte Creeks.

In eastern Oregon the Owyhee, Silvies, and Lost Rivers,
Drew and Cottonwood Creeks, Willow Cre=k of northern
Malheur County, and many lesser creeks are now entirely
used during the drier years. The Walla Walla, Umatilla,
Powder, Chewaucan, and Malheur Rivers sre used except
for winter and spring runoff. The Grande Ronde and the
lower part of the John Day and the Deschutes Rivers are
the only ones which commonly have unused water in the
summer months. The Klamath River has an excess only
in the spring season in wet years.

The boundary rivers will soon be harnessed for hydroelec-
tric generation from the 2,070-foot altitude sbove Brownlee
Dam on the Snake to tide level below Bonneville Dam on
the Columbia. Much of the same water will be used for
many other purposes such as industrial processing, public
supply, navigation, recreation, and fish propagation.
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Where suitable demonstration of a higher priority is estab-
lished, requests to withdraw water for consumptive uses also
may find favor, just as water is now being withdrawn
from the Columbia River at Grande Coulee Dam for irriga-
tion of the large Columbia Basin Irrigation Project. Any
such future diversion of large amounts of water for consump-
tive uses during periods of low flow in the Columbia River
may adversely affect downstream fisheries and water trans-
portation. There is not enough water now during low-flow
periods to dilute properly all the wastes that enter the lower
part of the Columbia River, and a reduction of that pollution
load is needed for the protection of aquatic life (Oregon
State Sanitary Authority Ann. Rept., 1963, p. 2). The
maintenance of the proposed 40-foot channel 750 feet in
width, downstream from the Portland-Vancouver are~ may
also require all the flow during low-water periods.

The unequal distribution of the water in both time and
place throughout the State creates problems of storage and
diversion of the water. A more nearly equal areal distribu-
tion could be provided by the transfer of water eastward
within the State. The transfer may start with the eastward
diversion of excess headwaters across the crests of the Coast
and Cascade Ranges. The storage and diversion projects
will probably progress from the cheapest to the mcst ex-
pensive, but they can and should be constructed within a
master plan for water in Oregon’s future.

In summary, then, there is still a large amount of unused
runoff—many millions of acre-feet of water each year—with
which Oregon may meet its future needs. This water is
mostly in the western part and along the northern border of
the State, far from some of the places of greatest need; its
development will surely be more expensive than that of the
water used to date.

Besides the surface sources of additional water for the
future, the ground-water reservoirs in many parts of Oregon
contain water and storage space not much utilized so far.
Ground-water practices which have been little used in Ore-
gon include the artificial recharge of ground-water aquifers
with excess surface water, the extraction of water from fine-
grained valley alluvium, and the systematic managerent of
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water-bearing strata as reservoirs. A larger and better en-
gineered development of ground water will telp meet Ore-
gon’s future water needs, and will make it easter to provide
water in some parts of the State.

Waste will have no place in Oregon’s future water plans.
Economy in water use will provide additional supplies. In
exploiting these economies, it is well to heed the lessons of
the drought years. The good water years which have gen-
erally prevailed since 1941 will not continue indefinitely, and
periods of below-average precipitation are sure to test the
structure of Oregon’s water supply, as a drought period did
in the 1930’s. A water plan for Oregon’s future must as-
sume that drought periods will come, as they have in-the
past.

WHAT CAN BE DONE TO ASSURE
OREGON’S WATER SUPPLY?

In assuring Oregon’s-water supply, the first basic principle
is to retain the excellent quality that was and is native to our
water. In this operation the services of the State Sanitary
Authority, the State Engineer, the U.S. Soil Conservation
Service, the U.S. Forest Service, and other agencies are vital;
but the responsibility belongs to all, and the effective execu-
tion of this clean-water enforcement needs the participation
of an informed public.

Another basically sound principle is to prevent waste of
water. This course may encompass many water savings
ranging from economies in the use of diverted water to abate-
ment of excess evaporation and storage of flood runoff.
These practices all help to make water available when and
where it is needed.

A third basic principle calls for acquiring and integrating
as much information as possible on our water resources. No
one can design an efficient hydroelectric powerplant, a flood-
control dam, an irrigation district, a public water-supply
source, an industrial water supply, or any other water-use or
control facility unless he knows the approximate quantity
of water their structures will use or control. The quality of
the water and characteristics of its movement are other basic

146



facts which the designer must consider. At present our en-
gineers must estimate from inadequate records, or must
select prospective dam and storage sites without geologic
maps, or even must estimate drainage areas without ade-
quate topographic maps of the watersheds. The users pay
the tolls imposed by that lack of information.

The U.S. Geological Survey, the U.S. Soil Conservation
Service, the U.S. Weather Bureau, and the State Engineer
are agencies charged with obtaining and publishing basic
information on water resources. Other agencies obtain data
as it directly affects their sphere of operations. A list of the
principal agencies concerned with water is appended to this
report. But again, like the enforcement of water-quality
protection, the collection of water data is a field in which an
informed public will take a progressively greater part. The
full benefits will be derived from Oregon’s water supplies
only by the use of a fully adequate fund of basic engineering
information.

A fourth basic principle calls for a soundly integrated
long-range plan for the development of water resources.
The Oregon State Water Resources board is the agency re-
sponsible for developing such a plan.
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PUBLISHED INFORMATION ON
WATER'IN OREGON

Precipitation and weather records—
U.S. Weather Bureau:
Monthly and annual publications (weather data
and some stream stages).
U.S. Soil Conservation Service:
Seasonal publications (snow data).
Streams, records of low—
U.S. Geological Survey:
Prof. Paper 272-D (evaporation loss).
Water-Supply Papers 680 (drougkt, 1930-34).
771, 1080, 1137, 1650, 1689
(floods).
1220 (depletion by irriga-
tion).
1330 (requirements for in-
dustry).
1669-S (yearly variations).
1734, 1735, 1737, 1738 (sum-
maries, 1951-60; introduc-
tion lists reports giving
data for earlier years).
Ground-water occurrence—
U.S. Geological Survey:
Water-Supply Papers 489, 494 (principles of
ground-water  hydrol-

ogy).
569-B (the Dalles area).
841 (the Harney Basin).
890 (the Willamette Val-
ley).
1475-E (Cow Creek-Sol-
dier Creek area).
1539-K (sand dune area
near Florence).
1650 (Umatilla River ba-
sin).
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Quality of water—
U.S. Geological Survey:
Prof. Paper 417-D (chemical quality, Snake River
basin).
Water-Supply Papers 363 (surface water).
659-B, 841, 890 (ground
water).
679 (thermal springs in the
United States).
Waterpower potential—
U.S. Geological Survey:
Water-Supply Papers, 344, 637-C (Deschutes
River).
636-F (Umpqua River).
638-B (Rogue River).
1329-B (Wilson River).
1610-B (Trask River).
U.S. Army, Corps of Engineers:
87th Congress, 2d Sess., House Doc. 403 (Columbia
River and tributaries).
Tidal waters—
U.S. Coast and Geodetic Survey:
Navigation charts.

WHERE TO ASK QUESTIONS
ABOUT—

Coast, ocean, and harbors:
U.S. Coast and Geodetic Survey.
U.S. Army, Corps of Engineers.
Local port authorities.
Data on water resources:
U.S. Weather Bureau (precipitation and weather).
U.S. Geological Survey (occurrence, quar tities,
quality).
U.S. Soil Conservation Service (snow storage).
Oregon State Engineer (quantities, water rights).
Development structures and facilities:
U.S. Army Corps of Engineers (flood control, naviga-
tion).
U.S. Bureau of Reclamation (reclamation of land).
Fish and wildlife habitat:
Oregon Fish Commission (commercial fisheries).
Oregon Game Commission (sport fisheries and game).
U.fS. Fish and Wildlife Service (migratory fish and wild-
owl).
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Geology of drainage basins:
Oregon Department of Geology and Mineral Industries.
U.8. Geological Survey.
Hydroelectric power:
Federal Power Commission (Federal permits and
studies).
Power companies and Bonneville Power Administration
(generation and transmission.)
U.S. Geological Survey (preliminary site and river
surveys).
Laws, rights to water:
Oregon State Engineer.
U.S. Bureau of Indian Affairs (laws, rights on Indian
reservations).
Management planning and policies:
Oregon Water Resources Board.
Columbia Basin Interagency Committee.
Columbia Basin Interstate Compact Commission.
Federal Power Commission.
Recreational uses of water:
U.S. Fi)sh and Wildlife Service (fish and game conserva-
tion).
U.S. Park Service (National parks).
Oregon Game Commission (sport fishing and hunting).
Oregon Fish Commission (commercial fishing).
Oregon Highway Commission, Parks Department
(camps and beaches).
U.S. Forest Service (camps and facilities).
Sanitation and health:
Oregon Board of Health (public water supplies).
U.S. Public Health Service (interstate matters and Fed-
eral reservations).
Oregon Sanitary Authority (pollution and contamina-
tion of water).
City water departments.
Soil management and water in soil:
U.S. Soil Conservation (erosion abatement, snow
surveys).
U.S. Department of Agriculture, Extension Service,
Oregon State University, Corvallis.
Topography of drainage basins, delineation c¥ streams:
U.S. Geological Survey (topographic quadrangle and
river maps).
Army Map Service (tactical maps).
U.S. Coast and Geodetic Survey (navigation charts).

O
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